Diabetes is considered the "epidemic of the 21st century," affecting \~24 million individuals in the U.S. alone ([@B1]). Individuals with diabetes have a markedly increased risk of lower-extremity amputation (LEA) compared with individuals without diabetes ([@B2],[@B3]). LEA ranks as the most feared adverse health outcome among people with diabetes because its impact on health and quality of life makes it difficult for the patients to return to leisure, educational, and employment activities. LEAs are very costly. The most recent data for care of diabetes revealed that in 2012, the cost to care for diabetes was 245 billion USD. Clearly, contributions to this cost include the care of those with complications, including amputation ([@B4]). In 2001, the direct costs of inpatient care and prostheses for the estimated 42,424 patients with diabetes undergoing LEA totaled 1.65 billion USD in the U.S. ([@B5]). As an important public health issue, LEA has drawn a great deal of attention from both the medical community and government, including Healthy People 2020, Agency for Healthcare Research and Quality, in an attempt to reduce the incidence of amputation ([@B6],[@B7]). The incidence of LEA and LEA discharge rates declined significantly in the U.S. population ([@B8],[@B9]).

Although several epidemiological studies report positive associations between glycemia and LEA ([@B10]--[@B14]), their conclusions are often tempered because of small sample sizes or short follow-up times. On the other hand, clinical trials have failed to provide conclusive evidence about glucose lowering and LEA risk because of the relatively low incidence of LEA ([@B15]--[@B18]). There is significant necessity to provide robust data to confirm the associations between glycemia and LEA in the population of patients with diabetes. We conducted a prospective epidemiological study with a large study sample of patients with diabetes and long follow-up time to detect the association between glycemia measured by HbA~1c~ and the risk of LEA. In addition, most studies have only used a single baseline measurement of HbA~1c~ to predict LEA risk, which may introduce potential bias from only baseline HbA~1c~ measurement. A recent finding published in *Diabetes Care* ([@B8]) called our attention to racial disparities in LEA that suggested potential care differences or other factors implicated in LEA; however, very few studies have assessed the race-specific association of HbA~1c~ with LEA risk. The aim of the current study is to examine the race-specific association between different levels of HbA~1c~ at baseline and during follow-up with the risk of incident LEA among African American and white patients with diabetes in the Louisiana State University Hospital--Based Longitudinal Study (LSUHLS).

RESEARCH DESIGN AND METHODS {#s1}
===========================

The Louisiana State University Health Care Services Division (LSUHCSD) operates seven public hospitals and affiliated clinics in Louisiana that provide quality medical care to the residents of Louisiana regardless of their income or insurance coverage ([@B19]--[@B24]). Overall, LSUHCSD facilities have served \~1.6 million patients (35% of the Louisiana population) since 1997. Administrative, anthropometric, laboratory, clinical diagnosis, and medication data collected at these facilities are available in electronic form for both inpatients and outpatients from 1997. Using these data, we have established the LSUHLS ([@B19]). A cohort of patients with diabetes was established by using the ICD-9 (code 250) through the LSUHLS database between 1 January 1999 and 31 December 2009. Both inpatients and outpatients were included, and all patients were under primary care. LSUHCSD's internal diabetes disease-management guidelines call for physician confirmation of diabetes diagnoses by applying the American Diabetes Association criteria: a fasting plasma glucose level ≥126 mg/dL, 2-h glucose level ≥200 mg/dL after a 75-g 2-h oral glucose tolerance test, and one or more classic symptoms plus a random plasma glucose level ≥200 mg/dL ([@B25]). The first record of diabetes diagnosis was used to establish the baseline for each patient in the present analyses owing to the design of the cohort study. Before diagnosed with diabetes, these patients used our system for an average of 5.0 years. We validated the diabetes diagnosis in LSUHCSD hospitals. The agreement of diabetes diagnosis was 97%: 20,919 subjects of a sample of 21,566 hospital patients with discharge diagnoses based on ICD codes also had physician-confirmed diabetes by using the American Diabetes Association diabetes diagnosis criteria ([@B25]).

The current study included 35,368 patients with newly diagnosed diabetes (15,560 white and 19,808 African American) who were 30--94 years of age without a history of LEA and with complete repeated data on all risk factor variables. In these patients with diabetes, \~77.3% qualify for free care (by virtue of being low income and uninsured---any individual or family unit whose income is ≤200% of federal poverty level), \~4.9% of patients are self-pay (uninsured, but incomes not low enough to qualify for free care), \~5.2% of patients are covered by Medicaid, \~10.4% of patients have Medicare, and \~2.2% of patients are covered by commercial insurance. The study and analysis plan were approved by both the Pennington Biomedical Research Center and Louisiana State University Health Sciences Center Institutional Review Boards. We did not obtain informed consent from participants involved in our study because we used anonymized data compiled from electronic medical records.

Baseline and follow-up measurements {#s2}
-----------------------------------

The patient's characteristics, including age of diabetes diagnosis, sex, race/ethnicity, family income, smoking status, types of health insurance, body weight, height, BMI, blood pressure, total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides, HbA~1c~, estimated glomerular filtration rate (eGFR), history and incidence of peripheral arterial disease, ulcer, and foot deformity, and medication (antihypertensive drugs, cholesterol-lowering drugs, and antidiabetes drugs) within half a year after the diabetes diagnosis (baseline) and during follow-up after the diabetes diagnosis (follow-up), were extracted from the computerized hospitalization records. Foot risk factors were identified using ICD-9 codes based on existing literature ([@B26],[@B27]), which included peripheral arterial disease (ICD-9 codes 443.81, 440.2, 440.20, 440.21, 440.22, 440.23, 440.24, 440.29, 440.8, 440.9, 442.2, 442.3, 443.0, 443.1, 443.81, 443.89, 443.9, 444.22, 444.81, 2507.x, and 785.4), ulcer (ICD-9 codes 707.1x and 707.9), and foot deformity (ICD-9 codes 94.0, 713.5, 727.1, 735.0, 735.2, and 735.4--735.9). The updated mean values of HbA~1c~, LDL cholesterol, BMI, blood pressure, and eGFR over time were measured first at baseline and second as an updated mean of annual measurement, calculated for each participant from baseline to each year of follow-up. For example, at 1 year the updated mean is the average of the baseline and 1-year values and at 3 years it is the average of baseline, 1-year, 2-year, and 3-year values. In case of an event during follow-up, the period for estimating updated mean value was from baseline to the year before this event occurred ([@B10],[@B28]). The average number of HbA~1c~ measurements during the follow-up period was 7.4 times.

Prospective follow-up {#s3}
---------------------

Follow-up information was obtained from the LSUHLS inpatient and outpatient database by using the unique number assigned to every patient who visits the LSUHCSD hospitals. The diagnosis of LEA was the primary end point of interest of the study and was defined according to the ICD-9 (codes 84.10--84.17). Since 1997, diagnoses of LEA were made by the treating physicians based on a clinical assessment and examinations as considered relevant by the clinician in charge of treatments. Follow-up of each cohort member continued until the date of the diagnosis of LEA, the date of the last visit if the subject stopped use of LSUHCSD hospitals, death, or 31 May 2012.

Statistical analyses {#s4}
--------------------

The association between HbA~1c~ and the risk of LEA was analyzed by using Cox proportional hazards models. HbA~1c~ was evaluated in the following two ways: *1*) as six categories (HbA~1c~ \<6.0% \[42 mmol/mol\] \[reference group\], 6.0--6.9% \[42--52 mmol/mol\], 7.0--7.9% \[53--63 mmol/mol\], 8.0--8.9% \[64--74 mmol/mol\], 9.0--9.9% \[75--85 mmol/mol\], and ≥10.0% \[86 mmol/mol\]) and *2*) as a continuous variable. Different levels of HbA~1c~ were included in the models as dummy variables, and the significance of the trend over different categories of HbA~1c~ was tested in the same models by giving an ordinal numerical value for each dummy variable. All analyses were adjusted for age and sex and further for smoking, income, types of insurance, BMI, systolic blood pressure, LDL cholesterol, eGFR, peripheral arterial disease, ulcer, and foot deformity at baseline and during follow-up, use of antihypertensive drugs, use of diabetes medications, and use of cholesterol-lowering agents. When we analyzed the association between updated mean of HbA~1c~ and LEA risk, we adjusted for updated means of BMI, LDL cholesterol, systolic blood pressure, and eGFR instead of baselines of these variables. For avoidance of the potential bias due to severe diseases at baseline, additional analyses were carried out excluding the subjects who were diagnosed with LEA during the first 2 years of follow-up. Statistical significance was considered to be *P* \< 0.05. All statistical analyses were performed with PASW for Windows, version 20.0 (IBM SPSS, Chicago, IL) and SAS for Windows, version 9.3 (SAS Institute, Cary, NC).

RESULTS {#s5}
=======

General characteristics of the study population are presented by race in [Table 1](#T1){ref-type="table"}. During a mean follow-up period of 6.83 years, 578 subjects (242 white and 336 African American) had an LEA. A significantly increased risk of LEA was observed among both African American and white patients with increasing baseline HbA~1c~ ([Table 2](#T2){ref-type="table"}). After further adjustment for other confounding factors (smoking, income, type of insurance, BMI, systolic blood pressure, LDL cholesterol, eGFR, peripheral arterial disease, ulcer, and foot deformity at baseline and during follow-up and use of antihypertensive drugs, diabetes medications, and cholesterol-lowering agents), this graded association remained significant among white (*P*~trend~ \<0.001) and African American (*P*~trend~ \<0.001) patients with diabetes ([Table 2](#T2){ref-type="table"}). Each 1% increase in baseline HbA~1c~ was associated with a 13% (95% CI 1.08--1.17) increased risk of LEA in African Americans and a 15% (95% CI 1.09--1.21) increased risk of LEA in whites. The risk of LEA associated with HbA~1c~ was higher in white than African American patients with diabetes (χ^2^ = 17.8, df = 1, *P* for interaction \<0.005).

###### 

Baseline characteristics of African American and white patients with diabetes
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###### 

Hazard ratio (HR) (95% CI) of LEA according to different levels of HbA~1c~ at baseline and during follow-up among African American and white patients with diabetes
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There was a significant interaction between sex and HbA~1c~ on LEA risk ([Table 3](#T3){ref-type="table"}). When stratified by sex, the graded association of HbA~1c~ at baseline with LEA risk was present and more significant in female patients with diabetes than male (*P* for interaction \<0.001). When we stratified by age, smoking status, family income, blood pressure, LDL cholesterol, and BMI, the graded positive association of baseline HbA~1c~ with LEA risk did not change ([Table 3](#T3){ref-type="table"}). Moreover, the graded positive association of HbA~1c~ with LEA risk was also confirmed among patients with diabetes using glucose-lowering agents or not (all *P* trend\<0.01) ([Table 3](#T3){ref-type="table"}).

###### 

Hazard ratio (HR) (95% CI) of LEA according to different levels of HbA~1c~ at baseline among various subpopulations
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When we did an additional analysis by using an updated mean of HbA~1c~ during follow-up, we found almost the same graded positive associations between baseline HbA~1c~ levels and updated mean levels of HbA~1c~ and LEA risk among both African American and white patients with diabetes ([Tables 2](#T2){ref-type="table"} and [4](#T4){ref-type="table"}). We did another analysis with the updated mean of HbA~1c~ excluding baseline HbA~1c~. The mean of HbA~1c~ decreased from 8.0% (64 mmol/mol) to 7.7% (61 mmol/mol) for African Americans and from 7.3% (56 mmol/mol) to 7.2% (55 mmol/mol) for whites, but the graded positive association between HbA~1c~ and LEA did not change ([Supplementary Table 1](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/DC13-0437/-/DC1)).

###### 

Hazard ratio (HR) (95% CI) of LEA according to different levels of HbA~1c~ during follow-up among various subpopulations
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After exclusion of the subjects who were diagnosed with LEA during the first 2 years of follow-up (*n* = 208), the multivariable-adjusted HRs of LEA associated with different levels of HbA~1c~ did not change (data not shown).

CONCLUSIONS {#s6}
===========

Our study found a graded positive association between HbA~1c~ at baseline and during follow-up and the risk of LEA among both African American and white patients with diabetes. This graded positive association was more significant in white than African American patients with diabetes.

LEA ranked first when participants rated their decrease in quality of life in the UK Prospective Diabetes Study (UKPDS) compared with other complications including blindness in one eye, stroke, heart failure, etc. ([@B29]). Health care providers encourage and strive to achieve good glycemic control for patients with diabetes; however, there are limited data on the specific effect of glycemic control on LEA risk among patients with diabetes. One meta-analysis of prospective studies demonstrated that there is a substantial increase in risk of LEA associated with hyperglycemia in individuals with diabetes ([@B30]); however, small sample sizes (1,044--3,642 participants), short follow-up (7--14 years), and few LEA cases (44--118 cases) in each study limit the statistical power for subgroup analyses. There are limited clinical trial data on the specific effect of glycemic control on LEA. In the PROspective pioglitAzone Clinical Trial In macroVascular Events (PROactive) study ([@B18]), there were 28 amputations among 2,605 participants in the pioglitazone group and 26 of 2,633 in the placebo group, and the event rate was lower in UKPDS than in PROactive ([@B15],[@B17]). Thus, it is quite difficult for a previous single prospective study or clinical trial to provide conclusive evidence about glucose lowering and LEA risk ([@B10],[@B11],[@B15]--[@B18]). There is an urgent necessity to provide robust data to confirm the associations between glycemia control and LEA risk in the population with diabetes. In the current study, during a mean follow-up of 6.8 years, 578 LEA incident cases among 35,368 participants with diabetes were identified. We found a graded positive association by various HbA~1c~ intervals of clinical relevance or by using HbA~1c~ as a continuous variable at baseline and during follow-up with LEA risk among both African American and white patients with diabetes. In addition, we found that this graded positive association was present in patients with diabetes with and without glucose-lowering agent treatment and in patients with diabetes with different age, sex, smoking status, family income, blood pressure levels, LDL cholesterol, and BMI groups.

Potential explanations for the increased risk of LEA associated with hyperglycemia are likely to be mediated by number of mechanisms, which include but are not limited to peripheral sensory neuropathy, peripheral vascular disease, and soft-tissue sepsis. First, the importance of hyperglycemia in the development of peripheral neuropathy is well documented ([@B31]). Neuropathy is significantly associated with the presence of foot ulceration ([@B32]). Second, hyperglycemia contributes greatly to peripheral vessel disease in patients with diabetes ([@B33]). Finally, infection is present in the majority of foot ulcers, and hyperglycemia probably impairs host defense against infection. In the European Study Group on Diabetes and the Lower Extremity (Eurodiale) study ([@B34]), peripheral arterial disease was diagnosed in 49% of the subjects and infection in 58% among patients with diabetic foot ulcers. Patients with peripheral neuropathy often fail to notice minor trauma resulting in ulceration, infection, and nonhealing diabetic foot ulcers to the ultimate LEA. Therefore, poor glycemic control increases the risk for amputation. Improved glycemic control can potentially modify the risk of sensory neuropathy ([@B35]) and possibly the progression of peripheral arterial disease ([@B36]).

There are several strengths in our study, including the large sample size, high proportion of African Americans, long follow-up time, and use of administrative databases to avoid differential recall bias. We have used both baseline HbA~1c~ levels and updated mean values of HbA~1c~ during follow-up in the analyses, which can avoid potential bias from a single baseline measurement. In addition, participants in this study used the same public health care system, which minimizes the influence from the accessibility of health care, particularly when comparing African Americans and whites. One limitation of our study is that our analysis was not performed on a representative sample of the population, which limits the generalizability of the results; however, LSUHCSD hospitals are public hospitals and cover \>1.6 million patients, most of whom are low-income persons in Louisiana. The results of the current study will have wide applicability for the population with low income and without health insurance in the U.S. Second, the validity of LEA diagnoses in our study has not been confirmed by specialists. However, the method using hospital discharge registers to diagnose LEA has been widely used in American and European cohort studies, such as the Kaiser Permanente Medical Care Program ([@B37]) and the U.K. Survey ([@B38]). The validity of the diagnoses of LEA by using hospital discharge registers in these cohort studies is available (agreement 97--99%) ([@B37],[@B38]). Third, even though our analyses adjusted for an extensive set of confounding factors, residual confounding due to the measurement error in the assessment of confounding factors and unmeasured factors such as physical activity, education, and dietary factors cannot be excluded.

In summary, our study demonstrates that there is a graded association between HbA~1c~ at baseline and during follow-up and the risk of LEA among both African American and white patients with diabetes. In the absence of conclusive evidence from randomized intervention trials, our study provides further epidemiological support for glucose lowering as a strategy to reduce amputation in patients with diabetes.

Supplementary Material
======================

###### Supplementary Data

This article contains Supplementary Data online at <http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc13-0437/-/DC1>.
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